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Background mis 


Pain 


Transceiver Helmet 





The operational band of the transceiver 
for disaster prevention 1s 150 MHz. 
(Wavelength 4: 2m) 


y 


Transceiver 
Antenna i 





Low-profile and small antennas are 
required to install in the helmet with 
the radius of 125 mm. 





Headphone —? 
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[1]N. Nishiyama, N. Michishita, and H. Morishita, “SAR Reduction of Helmet Antenna Composed of Folded Dipole with Slit-Loaded 


Ring,” Int. Symp. Antennas Propag, Hobart, TAS, pp.1-2, Nov. 2015 
[2] Y. Saita, T. Ito, N. Michishita, and H. Morishita, “Low frequency inverted-F antenna on hemispherical ground plane,” Int. Symp. 


Antennas Propag. Kaohsiung, Taiwan, pp.183-184, Dec. 2014.. 
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Objective 


To achieve the helmet antenna 


I Low-profile and small configuration 


2 Suppression of the radiation toward a human head 
3 Omni-directional pattern in the horizontal plane 


y 


The double hemispherical 
conductor shell is the platform Outer shell 
for the helmet antenna design. 








The double hemispherical 


conductor shell (PEC) 









Fundamental study of the antenna 
shape suitable for the helmet shape 
by Characteristic Mode Analysis 1s 
investigated. 





Inner shell [Unit: mm] 
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Theory of Characteristic Modes 









A characteristic mode of a conductor refers to a specific distribution of 
current density around the conductor primarily due to its shape and size. 
This distribution 1s independent of external excitation.(Garbacz) 


U Harrington and Mautz examined integral equations for 
the surface currents in the frequency domain. 


gene rn 


: Real part of the impedance matrix. 
: Imaginary part of the impedance matrix. 


: Figenvalue associated with the eigencurrent. 
: elgencurrent 





[3]R.F. Harrington, J.R. Mauth, “Theory of Characteristic Modes for Conducting Bodies,” [EEE Trans. Antennas 
Propag, vol.19, no.5, pp.622-628, Sept. 1971. 


2016/10/26 ISAP 





«Es National Defense Academy 


6/13 


Characteristic Mode Analysis 


Modal Significance | | Characteristic angle a, — 180“ 


1 ` resonant modes(A, = 0) 
MS = 134. O, = 180. — arctan(A,) (90% <a, < 180“ 


inductive modes(A, > 0) 


: MS represents the normalized amplitude. 180% <a, <270* 
" CA(o,) indicates the phase. capacitive modes(A, < 0) 





Example LO ~ 270 
[Unit: mm] s 0.8 4 
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The resonant frequency becomes about 150 MHz from MS and CA. 
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Analysis result of the hemispherical shell 7113 
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" The resonant frequency of J, and J, 
are 560 MHz. 
" The eigenvalue of J, becomes the s 
smallest value. 3 
ka 





Deleting the weak part of the electric 
current distribution of J,. 
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Deleting the weak part of the electric curren 
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The figure eight patterns in the horizontal plane. 
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The omni-directional pattern in the horizontal plane. 





Modal Significance 
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The omni-directional patterns in the horizontal plane. 


x!» National Defense Academy 





2016/10/26 ISAP 


Deleting the weak part of the electric current '''- 
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The eigenvalue of J, is the smallest value. 
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The suppression of the radiation 


w/o inner shell 


[Unit: dB V/m] 542 

30 150 dB V/m 
4 

| 41.4 
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"The electric field is strong in the part which an antenna element and a slit were 
attached to. 

"By loading the inner shell, it can weaken the electric field strength inside the 
hemisphere. 
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Conclusion nobe 


CMA of Hemispherical Shell for Helmet Antenna Design 


1 By deleting the weak part of the electric current on the double 
hemispherical conductor shell, the shape of the folded dipole was 


obtained with low resonant frequency. 
2 The omni-directional patterns can be achieved 1n the horizontal 


plane. 
Folded Dipole Antenna Radiation pattern | [Unit dB vim 
— [0 1 Es 


[Unit: dB A/m] 
Surface Current 
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Analysis result of the hemispherical shell 
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The resonant frequency is 560 MHz, and eigenvalue of J, becomes the smallest value. 
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Radiation pattern J,(560 MHz) 
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Modal Significance(modell) Characteristic Angle(modell) 
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Modal Significance(model3) 
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Previous Study 1 
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[2]Y. Saita, T. Ito, N. Michishita, and H. Morishita, “Low frequency 240 120 
inverted-F antenna on hemispherical ground plane,” Int. Symp. 210 150 —) 71 dBi 
Antennas Propag. Kaohsiung, Taiwan, pp.183-184, Dec. 2014. 180 
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Previous Study using the CMA 


LTE Antenna for Cell Phones[4 | | 
[ Unit: dB A/m] 
ME A Y 
Antenna design process 


0 150 


Slots are cut 1n areas with weak currents. 






Generic mobile handset 





| 





(a) The electric current distribution of the shape 
in the location available to place an antenna. 

(b) Modal current distribution of the final design 
The shape in the location without any excitation. 

available to place an antenna. (c) Surface current distribution when the antenna 
is excited with a voltage source. 





[4]M. Vogel, G. Gampala, D. Ludick, U. Jakobus, and C.J. Reddy, “Characteristic Mode Analysis: Putting Physics back 
into Simulation,” IEEE Trans. Antennas Propag, vol.57, no.2, PP.307-317, April 2015. 
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Previous Study 


LTE Antenna design for Cell Phones[4] 


Generic mobile handset Antenna design process 


+: Step-1 


= 


©. Step-5 4 Step-4 





The shape in the location 
available to place an antenna. Slots are cut in areas with weak currents, leaving the 
metal in the areas with a strong current distribution. 


[4]M. Vogel, G. Gampala, D. Ludick, U. Jakobus, and C.J. Reddy, “Characteristic Mode Analysis: Putting Physics back 
into Simulation,” IEEE Trans. Antennas Propag, vol.57, no.2, PP.307-317, April 2015. 
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LTE Antenna design for Cell Phones[4] 


(a) Modal current distribution of the 
final design without any excitation. 
(b) Surface current distribution 
when the antenna is excited with a 
voltage source. 

(b) 
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The minimum reflection coefficient of the antenna corresponds to the frequency 
where the modal significance is equal to 1. 
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